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APPARATUS AND METHOD FOR TRANSMITTER PHASE SHIFT 

COMPENSATION 

FIELD OF THE INVENTION 
[0001] The present invention relates generally to a power amplifier circuit and more 

particularly, to a power amplifier circuit for providing an RF output signal at a plurality of 
desired power output levels, 

BACKGROUND OF THE INVENTION 
[0002] Many wireless communication protocols provide for transmitters, operating 

within a communication network, which are capable of transmitting at varying levels of RF 
output signal power. One reason for having varying levels of RF output signal power is to 
accommodate mobile transmitters, which may be located at a varying distance from a base 
station. In some instances, the wireless communication protocol requires that the signal 
being received by the base station is received at a relatively constant or fixed RF output 
signal power level. 

[0003] Examples of such protocols include Code Division Multiple Access (CDMA) 

and Wideband Code Division Multiple Access (WCDMA). To accommodate this 
requirement, transmitter wireless devices such as wireless telephones, wireless personal data 
assistants (PDAs), pagers, two-way radios, and other types of wireless devices will transmit 
at one of several power output levels, dependent upon the level at which the signal is being 
received. Other examples, where the transmitted output power can be varied, include 
Enhanced Data Rates for Global Systems for Mobile Communications Evolution (EDGE) 
and Global System for Mobile communications (GSM) which provides for a range of output 
power control of mobile transmitters between 20dB and 30dB, which is controllable in steps 
of 2dB, and earlier analog cellular standards, which call for seven 4dB steps in power output 
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levels of the radio transmitter. Further, multimode wireless devices are designed to transmit 
communication signals of different modulation schemes using a single power amplifier. 
Therefore, the single power amplifier must also be capable of transmitting at the power 
output levels required for each of the different modulation schemes. 
[0004] The single power ampHfier in the wireless device, however, is typically 

optimized for operation at the highest power level. Consequently, power amplifiers typically 
operate at less than optimal efficiency at low power levels, and therefore the power 
consumption of these amplifiers may be reduced if the operating efficiency is increased. 
[0005] One previous technique, which has been used to enhance operating 

efficiencies at lower power output values, has included reducing the bias signal supplied to 
the power amplifier. A fiirfher technique, which has been used to enhance operating 
efficiencies at lower power output values, is to adjust the load impedance coupled to the 
output of the power amplifier. Adjusting the load impedance of the power amphfier allows 
the power amplifier to operate at a higher level of efficiency for different output power levels 
of the power amplifier. However, such techniques to enhance operating efficiencies may 
cause transmitter phase discontinuities in the RF output signal resulting in significant errors 
in a receiver when attempting to receive a signal transmitted with phase discontinuities. A 
significant phase shift, such as, for example, typically of 30 degrees to 90 degrees, occurs 
coincident with a load impedance change to the power amplifier. A phase shift less than 30 
degrees or greater than 90 degrees may also occur. 

[0006] Yet another technique for enhancing the efficiency of a power amplifier 

involves a power amplifier with a stage bypass or alternatively a power amplifier having the 
ability to turn off or adjust power supplied to individual stages within the power amplifier. 
However, these techniques also generate a phase discontinuity in the power amplifier. A 

2 



CLIENT NO. CS21674RL 
PATENT APPLICATION 
DOCKET NO. 33692.03.1674 

significant consequence of phase discontinuity in the power amplifier is the degradation of 
transmitted data and an increased generation of spurious signals in the desired transmission 
charmel and the generation of spurious signals entering adjacent chaimels in the 
communication system. For example, phase discontinuities cause corruption of the 
modulated signal resulting in a temporary degradation in the performance of receivers such as 
base stations listening to the affected channels. The firequent and repetitive use of the 
efficiency enhancement techniques may occur firequently enough to further degrade the 
communication channel. 

[0007] According to one technique for reducing the effects of phase shifting, a phase 

shifter simply alters the phase of a signal into a power amplifier in response to a control 
signal firom a microprocessor. However, this technique generally changes the phase of a 
signal without coordinating the timing of the phase compensation signal relative to the 
initiation of an efficiency enhancement technique. As a result, the phase compensation signal 
may actually increase flie amount of phase discontinuity in the power amplifier because the 
phase compensation signal may be timed inappropriately with respect to the application of 
the efficiency enhancement technique. For example, if the phase compensation signal is not 
properly timed with respect to the initiation of an efficiency enhancement technique, the 
signals may not cancel each other but may result in a greater phase discontinuity in the power 
amplifier. Therefore, the phase change caused by the implementation of a phase 
compensation signal that is out of synchronization with the phase change induced by the 
initiation of an efficiency enhancement technique may not result in the reduction or 
elimination of the phase change induced by the efficiency enhancement technique. 
Depending on the relative timing of the signals, larger phase discontinuities in the power 
amplifier may occur due to ttie introduction of an unsynchronized phase compensation signal. 
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As a result, this phase compensation technique may not improve but instead degrade the 
performance characteristics in the communication channel. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] The present invention is illustrated by way of example and not limitation in 

the accompanying figures, in which like reference numerals indicate similar elements, and in 
which: 

[0009] FIG. 1 is a block diagram of a transmitter circuit according to one embodiment 

of the invention; 

[0010] FIG. 2 is a flow chart of an amplification method according to one 

embodiment of the invention; 

[001 1] FIG. 3 is a block diagram of a power transmitter circuit employing a pulse 

shaper according to an exemplary embodiment of the invention; 
[0012] FIG. 4 is a block diagram of a portion of the transmitter circuit with the 

addition of a delay circuit and a modulation calculation circuit according to one embodiment 
of the invention; 

[0013] FIG. 5 is a block diagram of the transmitter circuit including an in-phase and 

quadrature modulator according to one embodiment of the invention; 
[0014] FIG. 6 is a block diagram of the transmitter circuit with a phase shifter 

providing a phase shifted signal to a pulse shaper according to one exemplary embodiment of 
the invention; 

[001 5] FIG. 7 is a block diagram of a transmitter circuit including a phase shifter, a 

pulse shaper and a modulator according to one exemplary embodiment of the invention; and 
[00 1 6] FIG. 8 is a block diagram of a wireless device according to one embodiment 

of the invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[001 7] A transmitter circuit and method compensates for phase changes induced in a 

power amplifier due to the implementation of an efficiency enhancement technique. The 
transmitter circuit includes a phase shifter that receives phase shift compensation and timing 
data, and an amplifier that receives a control signal to initiate one or more of the efficiency 
enhancement techniques. The phase shifter receives the phase shift compensation and timing 
data, and the amplifier receives the control signal at a pre-defined relative time such that the 
compensation phase shift by the phase shifter compensates for a pre-determined phase change 
in the amplifier to produce an RF output signal with a reduced predicted phase change. The 
phase shifter synchronizes the application of the phase compensation with respect to the 
initiation of the efficiency enhancement technique in order to reduce or eliminate the phase 
change induced in the power amplifier as a result of the efficiency enhancement technique. 
The phase shifter within the transmitter circuit provides the compensation phase shift in a 
synchronized maimer with respect to the initiation of the efficiency enhancement technique in 
order to reduce or substantially eliminate the amount of the phase disturbance within the RF 
output signal. The phase shift compensation mitigates the degradation in performance caused 
by the initiation of the efficiency enhancement technique. 

[00 1 8] An amplification method produces phase shift compensation and timing data 

and a control signal at a predefined relative time in response to system based circuit 
activation data. The system based circuit activation data, for example, represents the 
initiation of an efficiency enhancement technique. The phase shifter phase shifts the input 
data by a compensation phase change in response to the phase shift compensation and timing 
data to produce the phase shifted signal. The control signal is provided to an amplifier at a 
predefined relative time with respect to producing the phase shift compensation and timing 
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data to produce an RF output signal such that the compensation phase signal in the phase 
shifted signal reduces a phase disturbance in the RF output signal of the amplifier. 
[0019] The transmitter circuit may fulfill a multimode role in order to overcome 

conflicting design requirements, such as reducing phase shifts while operating with either 
fixed or variable amplitude modulation. The transmitter circuit, therefore, may employ a 
phase compensation circuit within the amplifier to compensate for phase shifts caused by the 
use of efficiency enhancement techniques. The phase shift compensation circuit allows the 
power amplifier to operate at a more optimal level of efficiency and in any one of several 
different types of modulation modes, because the transmitter circuit adapts to the type of 
modulation selected. As a result, the transmitter circuit may accommodate multiple types of 
modulation modes, each potentially having one or more RF output signal power levels, while 
minimizing the amount of phase discontinuity in the RF output signal. 
[0020] FIG. 1 illustrates one example of a transmitter circuit 10 including a phase 

shifter 20 and an amplifier 30. The phase shifter 20 receives phase shift compensation and 
timing data 40 to phase shift input data 50 by a compensation phase shift thereby producing a 
phase shifted signal 60. Amplifier 30 is coupled to an output of the phase shifter 20 to 
receive the phase shifted signal 60. The amplifier 30 causes a predicted phase change to the 
received phase shifted signal 60 in response to a control signal 70. The phase shifter 20 
receives the phase shift compensation and timing data 40, and the amplifier 30 receives the 
control signal 70 at a predefined relative time, such that the compensation phase shift in the 
phase shifted signal 60 compensates for the predicted phase change in the amplifier 30 in 
order to produce an RF output signal 80 with a reduced phase discontinuity. 
[0021] The input data 50, for example, may be a symbol representing base band data 

based on a mapping of the base band data into one of a set of symbols as part of the process 
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of modulating the base band signal. For example, phase shift keyed (PSK) modulators 
receive symbol data to convert the symbol data into phase data using M-Phase PSK 
modulation where M represents the number of possible phases according to the size of the 
symbol set. The input data 50 representing symbol data may therefore be also represented on 
a phase signal constellation map as known in the art. The phase shifter 20 may receive the 
input data 50 in a digital format and may subsequently digitally phase shift the input data 50 
by rotating the input data 50 on the phase constellation map by a compensation phase shift 
amount in response to receiving the phase shift compensation and timing data 40 and in 
response to providing the control signal 70 to the amplifier 30 at the predefined relative time. 
Both the compensation phase shift applied to the input data 50 and the application of the 
control signal 70 at the predefined relative time are determined such that the compensation 
phase shift in the phase shifted signal 60 compensates for the predicted phase change in the 
amplifier 30 to produce the RF output signal 80 with a reduced predicted phase discontinuity. 
As previously stated, the amplifier 30 causes a predicted phase change to the phase shifted 
signal 60 received by the amplifier 30 in response to the initiation of an efficiency 
enhancement technique initiated by the control signal 70. 

[0022] The control signal 70 may engage any one of several efficiency enhancement 

techniques as previously discussed, such as adjusting a load impedance at the output of 
amplifier 30, adjusting a bias of amplifier 30, or bypassing one or more amplifier stages 
within amplifier 30, or enabling one or more amplifier stages within amplifier 30. 
Accordingly, control signal 70 may represent the activation of any one or more efficiency 
enhancement techniques, and in practice, control signal 70 may represent multiple control 
signals to engage different efficiency enhancement techniques, or vary the degree of a 
particular efficiency enhancement technique. For example, the control signal 70 may be 
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provided by a phase compensation and time and control circuit, such as a microprocessor, or 
any other circuit capable of controlling the one or more amplifier stages in accordance with 
any of the several efficiency enhancement techniques. 

[0023] According to one embodiment, the phase shift compensation and timing data 

40 is synchronized with the input data 50 so that the compensation phase shift occurs at a 
time least disruptive to a phase change in the input data 50. For example, in a Time Division 
Multiple Access (TDMA) format, such as the least disruptive time period to initiate an 
efficiency enhancement technique may be before a transmitter burst, where a burst can 
correspond to the period of time when data is transmitted and therefore the radio transmitter 
is on. According to one embodiment, in TDMA formats, the initiation of the compensation 
phase shift in the phase transmitter may occur during an off period, such as before or after a 
burst. For CDMA formats, the compensation phase shift may be timed to allow the phase 
shifted signal 60 to propagate through the amplifier 30 so that the compensation phase change 
due to the phase shift compensation and timing data is applied just as the phase shifted signal 
60 reaches the amplifier 30. The net effect is that the two phase shifts cancel each other out 
to generate a reduced phase shift or no net phase change in the RF output signal 80. 
[0024] According to one embodiment, if a compensation phase shift response shape 

or waveform has been tailored to be the inverse of the predicted or anticipated phase change 
in the amplifier 30, then there will be no or a reduced phase change in the transient response 
of the RF output signal 80, resulting in an RF output signal 80 with no or a reduced amount 
of degradation. For example, the predicted phase change may be based on measured amounts 
of phase change corresponding to the activation of an efficiency enhancement technique for 
example, in amplifier 30. According to one embodiment, the two phase shifts would cancel 
each other out over all time if the phase compensation signal is substantially the inverse of 
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the predicted phase change in the amplifier 30. If, however, the amount of the compensation 
phase shift is not equal to the amount of the predicted phase change in the amplifier 30, or if 
the timing of the initiation of the compensation phase shift produced by the phase shifter 20 is 
not synchronized with the predicted phase change in the amplifier 30, then the two phase 
shifts may not substantially cancel each other out. If the compensation phase shift is not 
substantially the inverse of the predicted phase change, then the two phase shifts may not 
precisely cancel out each other at all times with respect to the initiation of control signal 70. 
If the two phase shifts do not cancel each other out, some degradation in the RF output signal 
80 is likely to occur, although a level of degradation may be tolerable. 
[0025] FIG. 2 is a block diagram of an amplification method 200 to compensate for a 

predicted phase change in amplifier 30 according to one embodiment of the invention. The 
method 200 may be carried out by the transmitter circuit 10. However, any other suitable 
structure may also be used. It will be recognized that the method 200, begiiming with step 
210, will be described as a series of operations, but the operations may be performed in any 
suitable order. 

[0026] As shown in step 220, the transmitter circuit 10 produces phase shift 

compensation and timing data 40 and a control signal 70 at a predefined relative time in 
response to system based circuit activation data. The system based circuit activation data 
may, for example, represent the initiation of the efficiency enhancement technique as a result 
of, for example, a change in RF output signal 80 power level. As shown in step 230, phase 
shifter 20 phase shifts input data SO by a compensation phase change in response to phase 
shift compensation and timing data 40 to produce a phase shifted signal 60. As shown in step 
240, the control signal 70 is provided to the amplifier 30 at the predefined relative time witii 
respect to producing phase shift compensation and timing data to produce the RF output 
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signal 80. The compensation phase change in the phase shifted signal 60 reduces a predicted 
phase disturbance in the RF output 80 of the amplifier 30. Although step 250 indicates the 
end of method 200, it is understood that the steps in method 200 occur continuously as 
needed. 

[0027] FIG. 3 is a block diagram of transmitter circuit 10 as previously described 

including a pulse shaper 302 and a phase compensation and timing control circuit 300. 
According to one embodiment, the phase compensation and time and control circuit 300 may 
be a microprocessor or any other suitable circuit for providing the phase shift compensation 
and timing data 40 and ttie control signal 70 as described above. For example, a DSP, 
discrete logic or any suitable combination of hardware, software and firmware may be used. 
The phase compensation and timing control circuit 300 may fiirther include processing 
circuitry and a storage unit coupled to the processing circuitry for storing one or more sets of 
instructions for execution by the processing circuitry. The phase compensation and timing 
control circuit 300 is coupled to the amplifier 30 to provide the control signal 70. The phase 
compensation and timing control circuit 300 is also coupled to the phase shifter 20 to provide 
the phase shift compensation and timing data 40 at the predefined relative time such that ihe 
compensation phase shift in the phase shifted signal compensates for the predicted phase 
change to produce the RF output signal 80 with the reduced predicted phase change. The 
compensation phase shift in the phase shifted signal 60 compensates for the predicted phase 
change to produce the RF output signal 80 with, for example, a reduced transient phase 
change of the RF output signal 80, and a reduced steady state phase change of the RF output 
signal 80. 

[0028] As previously described, depending on the amount of the compensation phase 

shift and the timing of the compensation phase shift with respect to the timing of the control 
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signal 70, the overall phase change in the RF output signal 80 may correspond to a transient 
phase change of the RF output signal 80. If, for example, the amplitude of the compensation 
phase shift is initially matched with the amplitude of the predicted phase change in the 
amplifier 30, but the waveform shapes of the two signals are not optimally synchronized, the 
transient phase response may be initially reduced, but the response may degrade until the 
phase changes reach a steady state of zero. If, however, the amplitudes of the compensation 
phase shift and the predicted phase change in the amplifier 30 are not matched initially, then 
the application of the phase shift may cause a relatively large transient response although the 
steady state phase change of the RF output signal may nevertheless eventually settle to zero. 
Nevertheless, the net phase change response at the RF output signal 80 is a fiinction of the 
waveform of the compensation phase shift and of the predicted phase change in the amplifier. 
[0029] According to one embodiment, the compensation phase shift produced in the 

phase shifted signal 60 in response to the phase shift compensation and timing data 40 has a 
waveform shape associated with an inverse of the predicted phase change. For example, if 
both the shape of the compensation phase shift and the shape of the application of the 
compensation phase shift is substantially an inverse of the predicted phase change in 
amplifier 30, then the phase shift in the RF output signal 80 will be substantially reduced or 
eliminated. According to one embodiment, the compensation phase shift produced in the 
phase shifted signal 60 is substantially the inverse of the predicted phase shift in amplifier 30 
with respect to both the amplitude of the compensation phase shift and the precise timing of 
the application of the compensation phase shift. According to one embodiment, the inverse 
of the predicted phase change may be represented as the inverse in the time domain, in the 
frequency domain or any other suitable representation. 
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[0030] Alternatively, or in combination with an inverse waveform described above, 

the compensation phase shift in the phase shifted signal 60 may be represented, for example, 
as a step phase shift compensation signal, a ramp phase shift compensation signal and an 
exponential phase shift compensation signal. According to one embodiment, the 
compensation phase shift may be applied when a modulation vector on a constellation map is 
relatively low. The modulation vector may be represented on a constellation map having an 
amplitude and a phase. Accordingly, when the amplitude of a magnitude crosses a threshold, 
then the phase shift compensation technique will be activated and then the efficiency 
enhancement technique will occur thereafter. 

[003 1] The predicted phase change within amplifier 30 is a fiinction of the efficiency 

enhancement technique employed and the phase difference between sequentially adjacent 
sjonbols received from input data 50. Accordingly, the phase compensation and timing 
control circuit 300 may provide phase shift compensation and timing data 40 that is 
programmable for any amplitude and for any amount of phase. The phase compensation and 
timing control circuit 300 may therefore provide the phase shift compensation and timing 
data 40 and the control signal 70 at a predefined relative time to reduce the resulting phase 
change in the RF output signal 80, The predefined relative time may be a random time 
period, a fixed time period, an exponential time period, a period of time before a data burst, 
the period of time after the data burst, and a programmable amount of time. Further, the 
predefined relative time may occur before, during or after a CDMA, a TDMA, and a 
WCDMA time period between data bursts. 

[0032] Further, the control signal 70 may have a waveform shape associated with the 

predicted phase change in amplifier 30. For example, the waveform shape of the control 
signal 70 may correspond to a ramp phase shift waveform, a waveform shape associated with 
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an inverse of the predicted phase change, an exponential phase shift waveform and a 
programmable phase shift compensation waveform. 

[0033] Pulse shaper 302 is responsive to the input data 50 to provide shaped input 

data 310. The shaped input data 3 10 corresponds, according to one embodiment, to 
oversampled input data 50. For example, pulse shaper 302 may oversample each symbol 
received in input data 50 to represent one or more oversampled values for each symbol 
received from input data 50. Oversampling the input data 50 to produce the shaped input 
data 310 in effect allows the phase shifter 20 to select the oversampled value for each symbol 
from input data 50 at the desirable predefined relative time. Oversampling of the input data 
50 to a higher sample rate provides suppression of aliased signal energy at the lower 
harmonics of the received symbol rate of the input data 50. Additionally, the pulse shaper 
302 may provide spectral smoothing to the input data 50. 

[0034] The phase shifter 20 is responsive to the phase shift compensation and timing 

data 40 to select at least one of the oversampled shaped input data as the selected shaped data 
and to phase shift the selected shaped input data by a compensation phase shift to produce a 
phase shifted signal 60 at an output of the phase shifter 20. According to this embodiment, 
the amplifier 30 is coupled to the output of the phase shifter 20 to receive the phase shifted 
signal 60. As previously discussed, the amplifier 30 causes a predicted phase change to the 
received phase shifted signal 60 in response to the control signal 70. The amplifier 30 
receives the control signal 70 at a predefmed relative time such that the compensation phase 
shift in the phase shifted signal 60 compensates for the predicted phase change in the 
amplifier 30 to produce the RF output signal 80 with a reduced resulting phase change. 
[0035] FIG. 4 illustrates one embodiment of the transmitter circuit 10 fiirther 

including a delay circuit 410, a modulation calculation circuit 420, a threshold circuit 430 and 
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the phase compensation and timing control circuit 300. According to this embodiment, the 
phase compensation and timing control circuit 300 further includes a processing circuit 440 
and a timing control circuit 450. The delay circuit 410 is coupled to the pulse shaper 302 and 
is responsive to the shaped input data 310 to produce a delayed shaped input signal 452. The 
modulation calculation circuit 420 is responsive to the shaped input data 310 to produce the 
magnitude of the shaped input data 454. 

[0036] The modulation calculation circuit 420 computes a metric such as the 

amplitude of the shaped input data 3 10, to determine an optimal location for initiating the 
phase compensation. The processing circuit 440 is responsive to the system based circuit 
activation data 320 to provide phase data 456 to the phase shifter 20 and to provide 
programmable threshold level data 458 to the threshold circuit 430. The timing control 
circuit 450 is responsive to the phase data 456 to provide the control signal 70 to the 
amplifier 30. The threshold circuit 430 is coupled to the modulation calculation circuit 420 to 
compare the magnitude of the shaped input data 454 with the programmable threshold level 
data 458. The threshold circuit 430 provides a timing signal 460 to the phase shifter 20 in 
response to comparing the magnitude of the shaped input data. 454 with the programmable 
threshold level data 458. The phase shifter 20 produces the phase shifted signal 60 in 
response to the delayed shaped input signal 452, the phase data 456 and the timing signal 
460. 

[0037] The threshold circuit 430 controls the time that the phase shifter 20 will 

produce the phase shift by issuing the timing signal 460. According to one embodiment, the 
timing signal 460 is masked off by a boundary control signal 462 produced by the timing 
control circuit 450 to restrict phase changes to a specific window in time, or to prevent a 
phase change. For example, the window in time may be a power change interval that occurs 
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between bursts. If the boundary control signal 462 allows phase changes, then the 
comparison between the magnitude of the shaped input data 454 and the programmable 
threshold level data 458 results in timing signal 460 being issued. 

[0038] The threshold circuit 430 compares the value of the magnitude of the shaped 

input data 454 with the programmable threshold level 458 from the processing circuit 440. 
When the magnitude of the shaped input data 454 crosses the threshold level defined by the 
programmable threshold level data 458, the timing signal 460 is asserted, for example, once 
or any number of suitable times within a change interval. According to one embodiment, the 
timing signal 460 also acts as an input to the timing control circuit 450 so that it is aware of 
the exact timing that the phase shifter 20 starts to produce the phase shift. This allows the 
control signal 70 to be issued with an appropriate delay for the phase shifter's 20 effect to 
reach the amplifier 30, as described earlier. Some calculations within the modulation 
calculation circuit 420 may involve fixture values of the shaped input data 310. The delay 
circuit 410 ensures that the timing signal 460 can be asserted at the desired point in the 
delayed shaped input signal 452, even for computations that require fixture samples. 
[0039] According to one embodiment, the programmable threshold level data 458 is 

set at a level such that if the magnitude of the shaped input data 454 is less than the 
programmable threshold level data 458, then the threshold circuit 430 will assert the timing 
signal 460, As a result, the timing signal 460 is asserted when a relatively low signal 
magnitude occurs between adjacent symbols in the shaped input data 310. Since the signal 
magnitude between adjacent symbols in the shaped input data 3 10 is relatively low, any 
resultant phase change in the amplifier 30 will occur at a relatively low signal level. 
Therefore, the threshold circuit 430 as described above may fiirther improve the performance 
of the transmitter circuit 10 by selecting a point in time in which the signal magnitude 
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between adjacent symbols in the shaped input data 310 stream are relatively low. At this 
point in time, phase changes produced in the phase shifter 20 or the amplifier 30 will have a 
relatively lower impact on the out of band spectrum of the signal. As a result, the 
performance of the transmitter circuit 10 may be further improved, resulting in less 
corruption of the RF output signal 80. 

[0040] FIG. 5 illustrates the transmitter circuit 10 further including a base band 

processor 500, an in-phase digital analog converter (ID AC) 510, a quadrature digital analog 
converter (QDAC) 520, and a modulator 530. The modulator 530 further includes an in- 
phase filter 532, an in-phase mixer 534, a quadrature filter 536, and a quadrature mixer 538. 
The processing circuit 440 is responsive to the system based circuit activation data 320 to 
provide phase data 456 to the phase shifter 20. The timing control circuit 450 is responsive to 
the phase data 456 to provide the control signal 70 to the amplifier 30 and to provide a timing 
signal 540 to the phase shifter 20. The pulse shaper 302 is responsive to in-phase data 550 
and quadrature data 552 to provide shaped in-phase data 554 and shaped quadrature data 556 
to the phase shifter 20. According to this embodiment, the input data 50 may be represented 
as the in-phase data 550 and the quadrature data 552 as encoded quadrature data streams. 
The in-phase data 550 and the quadrature data 552 may be represented graphically as on a 
constellation phase map. Prior to pulse shape filtering, the constellations may be of a 
uniform or constant amplitude such as an EDGE constellation, or may be an amplitude 
modulation type of constellation such as is used in the WCDMA standard. After pulse shape 
filtering, for example, the constellation may be of a uniform or constant amplitude, such as a 
GSM constellation. 

[0041] The phase shifter 20 is operative to produce the phase shifted in-phase data 

558 and the phase shifted quadrature data 560 in response to the timing signal 540, the phase 
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data 456, the shaped in-phase data 554, and the shaped quadrature data 556. The in-phase 
digital to analog converter 510 is responsive to the phase shifted in-phase data 558 to produce 
a phase shifted in-phase signal 562. Similarly, the quadrature digital to analog converter 520 
is responsive to the phase shifted quadrature data 560 to produce a phase shifted quadrature 
signal 564. Accordingly, the in-phase digital to analog converter 510 and the quadrature 
digital to analog converter 520 convert the respective digital signals into analog signals, as is 
known in ttie art. The modulator 530 is responsive to the phase shifted in-phase signal 562 
and the phase shifted quadrature signal 564 to provide an RF modulated signal 566 to the 
amplifier 30. The phase shifted in-phase signal 562 and the phase shifted quadrature signal 
564 represent the fiiUy processed base band signals to be modulated, and have been phase 
shifted by the desired amount of the compensation phase shift. Undesired sampling spectra 
are removed in the in-phase filter 532 and the quadrature filter 536 to produce filtered in- 
phase signal 568 and filtered quadrature signal 570, respectively. In-phase mixer 534 
modulates the filtered in-phase signal 568 and the quadrature mixer 538 modulates the 
filtered quadrature signal 570 to produce the RF modulated signal 566 for amplification by 
amplifier 30. 

[0042] FIG. 6 is a block diagram of another embodiment of the transmitter circuit 10. 

The phase shifter 20 is responsive to the phase shift compensation and timing data 40 to 
phase shift input data 50 by a compensation phase shift to produce a phase shifted signal 600. 
According to this embodiment, the pulse shaper 302 is coupled to an output of the phase 
shifter 20 to receive the phase shifted signal 600 and to responsively provide shaped and 
shifted input data 602. The amplifier 30 receives the shaped and shifted input data 602 firom 
the pulse shaper 302 to produce the RF output signal 80 in response to the control signal 70. 
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The amplifier 30 causes a predicted phase change to the shaped and shifted input data 602 in 
response to the control signal 70, as previously described. 

[0043] FIG. 7 is a block diagram of another embodiment of the transmitter circuit of 

FIG. 6. The processing circuit 440 within the phase compensation and timing control circuit 
300 provides phase data 456 to the phase shifter 20. The time and control circuit 450 within 
the phase compensation and timing control circuit 300 provides the timing signal 540 to the 
phase shifter 20 and provides the control signal 70 to the amplifier 30. The phase shifter 20 
is operative to produce phase shifted in-phase data 700 and phase shifted quadrature data 702 
in response to the phase data 456, the timing signal 540, in-phase data 550 and quadrature 
data 552. The pulse shaper 302 is responsive to the phase shifted in-phase data 700 and the 
phase shifted quadrature data 702 to provide shaped in-phase data 704 and shaped quadrature 
data 706. 

[0044] The in-phase digital to analog converter 510 is responsive to the shaped in- 

phase data 704 to produce an in-phase signal 708. The quadrature digital to analog converter 
520 is responsive to the shaped quadrature data 706 to produce a quadrature signal 710. The 
modulator 530 is responsive to the in-phase signal 708 and the quadrature signal 710 to 
provide the RF modulated signal 566 to the amplifier 30. 

[0045] According to the embodiment shown in FIGS. 6 and 7, the phase shifter 20 has 

been placed before the pulse shaper 302. Placing the phase shifter 20 in this location has 
advantages that make it more desirable for some applications. The phase shifter 20 will 
operate at the symbol rate of the received in-phase data 550 and the quadrature data 552. The 
phase shifter 20 will typically involve several multiply and add operations at the symbol rate. 
By placing the phase shifter 20 prior to oversampling being performed in the pulse shaper 
302, these multiply and add operations can be carried out at the symbol rate in accordance 
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with the in-phase data 550 and the quadrature data 552, as opposed to the higher oversampled 
data rate of the pulse shaper 302 and the corresponding oversampled data rate. As a result, 
the cost and the current drain relative to placing the phase shifter 20 prior to the pulse shaper 
302 is reduced. Additionally, placing the phase shifter 20 prior to the pulse shaper 302 also 
eliminates or reduces the generation of any undesired spectral components resulting from the 
add and multiply operations. Any out-of-band spectrum generated by the instantaneous 
phase shift applied in the phase shifter 20 will be filtered out by the action of the pulse shaper 
302, leaving only a smooth change of phase with no out-of-band components. 
[0046] According to one embodiment, the phase shifted signal 600 includes a 

plurality of constellation points where at least one of the plurality of constellation points is 
replaced with a zero data value on tiie constellation map. As a result, instead of waiting for a 
sequence of adjacent symbols to provide a relatively small signal amplitude, the phase shifted 
signal 600 may be replaced with one or more zero data values so that any phase change 
caused by any of the efficiency enhancement techniques implemented in amplifier 30 will 
occur at a relatively small signal amplitude, producing reduced out-of-band spectrum in the 
output signal. For example, one of the phase constellation points in the phase shifted signal 
600 may be replaced prior to oversampling. Pulse shaper 302 applies the phase 
compensation shift at the zero data value and the points after it. According to this 
embodiment, the phase transition for amplifier 30 is timed to begin on the phase shifter 20 
phase transition so that the sharpest phase change will occur when the amplitudes are 
minimized. Although at least one of the symbols in the input data points in the input data 50 
will be changed as a result of using this approach, the resulting data stream will not 
significantly affect the overall data error rate. Therefore, this approach may be very usefiil 
since the overall data error rate is small and the resulting out of band distortion at the RF 
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output signal 80 is very small. As a result, the degradation due to the data error rate is 
acceptable since any increase in the data error rate is very small. 

[0047] According to another embodiment, the modulation calculation circuit 420, 

threshold circuit 430, and other associated blocks described in FIG. 4 may be incorporated 
into the embodiment shown in FIG. 6. As was the case for the embodiment shown in FIG. 4, 
this circuitry may be used to determine an optimal location for initiating the phase 
compensation. One embodiment of the modulation calculation circuit shown in the 
configuration of FIG. 6 computes the magnitude of the vector difference between any given 
sample of input data 50, and the subsequent sample after the phase shift has been applied. 
The programmable threshold level data 458 is set at a level such that if the magnitude of the 
shaped input data 454 is greater than the programmable threshold level data 458, then the 
threshold circuit 430 will assert the timing signal 460. 

[0048] According to another embodiment, using the modulation calculation circuit in 

the configuration shown in FIG. 6, the modulation calculations are used in conjunction with 
the replacement of one of the constellation points with a zero data value on the constellation 
map. In this embodiment, the modulation calculation circuit computes the magnitude of ttie 
vector difference between the two samples of input data 50 that immediately precede and 
follow a candidate constellation point to be replaced with zero. The programmable threshold 
level data 458 is set at a level such that if the magnitude of the shaped input data 454 is 
greater than the programmable threshold level data 458, then the threshold circuit 430 will 
assert the timing signal 460, and the constellation point in question is replaced with the zero 
value. If the threshold value is not exceeded, then no zero replacement occurs. 
[0049] FIG. 8 is a block diagram of a wireless device 800 including the transmitter 

circuit 10, the base band processor 500, an anterma 802 and processing circuitry 804. The 
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base band processor 500 produces the input data 50, as previously described. The antenna 
802 is responsive to the RF output signal 80 to transmit the RF output signal 80. 
[0050] As described above, the input data 50 was phase shifted in order to 

compensate for a predicted phase change in the amplifier 30 due to, for example, the 
activation of an efficiency enhancement technique. As also described above, the efficiency 
enhancement technique is employed as a result of, for example, an increase or a decrease in 
amplifier output power. As a result, if the output power amplifier requirements change, then 
the efficiency enhancement technique may be deactivated. Accordingly, if the efficiency 
enhancement technique is deactivated, then the phase compensation and timing control circuit 
300 provides phase shift compensation and timing removal data to the phase shifter to 
remove the phase shift from the input data 50. The phase shifter 20 receives the phase shift 
compensation and timing removal data, and the amplifier 30 receives a remove control signal 
at a predefined relative removal time in order to reduce the phase discontinuity at the RF 
output signal 80. 

[0051] Among other advantages, the phase shifter and the phase compensation timing 

and control circuit 300 accurately compensate for the predicted phase change in the amplifier 
in order to produce the RF output signal 80 with a reduced predicted phase change. The 
phase compensation in the RF output signal 80 prevents a significant degradation in a signal 
received by a receiver, such as a base station receiver either in the desired communication 
channel or on an adjacent communication channel. 

[0052] The transmitter circuit 10 may fiilfiU a multimode role in order to overcome 

conflicting design requirements, such as operating with linear or non-linear modulation. The 
transmitter circuit 10, therefore, may employ an amplifier 30 using any suitable efficiency 
enhancement technique in order to allow the power amplifier within the transmitter circuit 10 
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to operate with enhanced efficiency in multiple types of modulation modes. As a result, the 
transmitter circuit 10 may operate in multiple types of modulation modes, at multiple RF 
output signal power levels, and without significantly degrading the RF output signal. 
[0053] It will be understood that the implementation of other variations and 

modifications of the invention and its various aspects will be apparent to those with the 
ordinary skill in the art, and that the invention is not limited by this specific embodiment as 
described. It is therefore contemplated to cover by the present invention any and all 
modifications, variations or equivalents that fall within the spirit and scope of the basic 
underlying principles disclosed and claimed herein. 
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